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♦ NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The fuel cell system which has the fuel cell which receives the supply of the gas containing hydrogen characterized by providing 
the following, and makes this hydrogen content gas fuel gas. A cooling means to make water circulate through the anti freezing solution 
which mixed the depression of freezing point agent by the cooling water system which makes the aforementioned fuel cell a part [ a duct ], 
and to cool the aforementioned fuel cell. A gas humidifi cation means to humidify the hydrogen content gas supplied to the aforementioned 
fuel cell in the duct which results in a fuel cell. A separation means to be prepared in the circulation path of the aforementioned cooling 
water system, to refine the water which does not contain the aforementioned depression of freezing point agent from the aforementioned 
antifreezing solution through which it circulates, and to separate the this refined water from the aforementioned cooling water system. A 
humidifi cation water supply means to supply the separated this water to the aforementioned gas humidification means as water for gas 
humidifi cation through the path which branched from the aforementioned circulation path. 

[Claim 2] The fuel cell system which has a water supply means to be a fuel cell system according to claim 1, and to supply the water of the 
amount equivalent to the amount of the water separated from the aforementioned cooling water system by the aforementioned separation 
means to the aforementioned cooling water system. 



[Translation done.] 
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DETAILED DESCRIPTION 



Petailed Description of the Invention] 
[0001] 

[Industrial Application] this invention receives supply of the gas containing hydrogen, and relates to the fuel cell system which has the fuel 

cell which makes this hydrogen content gas fuel gas. 

[0002] 

[Description of the Prior Art] general -- hydrogen - the fuel cell which makes rich hydrogen gas fuel gas has the electrolyte and electrode 
which penetrate a hydrogen ion in the state of hydration of H+ (xH20), makes the catalyst bed for promoting electrode reaction intervene, 
and is pinched and equipped with this electrolyte by the electrode Although such a fuel cell has various things (for example, a solid-state 
macromolecule type fuel cell, a phosphoric acid type fuel cell, etc.) according to the kind of electrolyte to be used, the electrode reaction 
which advances in the two electrodes of an anode and a cathode is as follows. 

[0003] Anode: 2H2 ->4H++4e- --♦* cathode: 4H++4e-+02 ->2H20 -- ♦* [0004] And if hydrogen gas is supplied to an anode, in an anode, 
the reaction formula of** will advance and a hydrogen ion v^ll generate. If this generated hydrogen ion penetrates an electrolyte (if it is a 
solid-state macromolecule type fuel cell solid-state polyelectrolyte film) in the state of hydration of H+ (xH20) (diffusion), it results in a 
cathode and oxygen content gas, for example, air, is supplied to this cathode, the reaction formula of ** will advance in a cathode. A fuel 
cell will present electromotive force because the electrode reaction of this ♦* and ** advances on each pole, 

[0005] The electrolyte of a fuel cell will be in the state where moisture runs short on the convenience which penetrates an electrolyte to a 
cathode side (diffusion), and by the anode side from an anode side in the state of the hydration which the hydrogen ion described above. 
Moreover, although the solid-state polyelectrolyte film used for a solid-state macromolecule type fuel cell will demonstrate good electrical 
conductivity (ion conductivity) if it is in a moderate damp or wet condition, if a water content falls, ion conductivity will get worse, and it 
stops functioning as an electrolyte, and will stop electrode reaction depending on the case. Moreover, even if a water content is too high, 
there is an inclination for ion conductivity to get worse. For this reason, while supplying the hydrogen gas as fuel gas, it is necessary to an 
anode to always supply a suitable quantity of water. Therefore, the hydrogen gas humidified with the steam is supplied to the fuel cell. 
[0006] Although there are various methods in order to supply the hydrogen gas by which steam humidification was carried out to a fuel 
cell, the following technology is well known as simplest method. That is, humidification equipment is formed in the supply pipe path of the 
hydrogen gas which results in a fuel cell, a steam is added before a fuel cell in gas with this humidification equipment, and the technology 
which supplies the hydrogen gas humidified by steaming to a fuel cell is proposed. 

[0007] There is a humidifier which humidifies gas through the gaseous diffusion film which penetrates a steam besides the humidifier 
which carries out bubbling of the gas and humidifies it as this humidification equipment. 

[0008] On the other hand, each of the above-mentioned electrode reaction is exothermic reaction. Therefore, in order to aim at smooth 
advance of the reaction concerned, cooling a fuel cell by the cooling water through which it circulates is performed widely (JP,5- 
190193A)- 

[0009] Therefore, in a fuel cell system, the water for the humidification for supplying hydrogen gas [ finishing / humidification ] and the 

water for cooling of a fuel cell are needed for a fuel cell. 

[0010] 

[Problem(s) to be Solved by the Invention] By the way, when it carries a fuel cell system in vehicles etc., it is common to use as the coolin g 
water of a fuel cell the antifreezing solu tion which mixed the dep^ression of freezing point agent in water in c onsid cration^of operation 
"""^iiHoutlnovementToT^l^^ 

^^water appfoximateH to purewater, j .e. , .a.depression of freezing-poi nt-agent-etcr,4o.not .c.ontainjn^^ 
"I[anjncde"is"supplied'w^ hydrogen gas as a^team as water for hydrogen^gas humi_dificAtion^nJhe_gth 
an clectrddeTctcT 

"*"[OOri]'TKerefore, in the conventional fuel cell system, while needing the water for humidification, and the water for cooling separately in 
another system, supply of the water for humidification is also needed. And the water for this humidification and the water for cooling had 
to be used for humidification equipment and the cooling pipe way, respectively. For this reason, a maintenance called supply of the water 
for humidification was needed, and it was complicated. In this case, if it prepares individually [ a cooling water system ] with the supply 
pipe way of water by which the refiner of the water for humidification is refined, the above-mentioned maintenance will become 
unnecessary. However, it does not become realistic solution, in order to complicate the composition of the humidification drainage system 
in a fuel cell system, and a cooling water system and to cause expansion of the installation space, and elevation of installation cost. In 
addition, the above-mentioned trouble is not peculiar to the vehicles carrying the fuel cell system etc. That is, these troubles will be 
produced if the antifreezing solution is used as cooling water even if it is the case of the plant which considered the fuel cell system as the 
power generation facility, and installed it on the ground. 

[0012] this invention is made in order to solve the above-mentioned trouble, and it aims at attaining maintenance- free-ization about the 

humidification drainage system in a fuel cell system with easy composition. 

[0013] 

[Means for Solving the Problem] The means adopted by the fuel cell system according to claim 1 for attaining this purpose It is the fuel cell 
system which has the fuel cell which receives supply of the gas containing hydrogen and makes this hydrogen content gas fuel gas. A 
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cooling means to make water circulate through the antifreezing solution which mixed the depression of freezing point agent by the cooling 
water system which makes the aforementioned fuel cell a part [ a duct ], and to cool the aforementioned fuel cell, A gas humidification 
means to humidify the hydrogen content gas supplied to the aforementioned fuel cell in the duct which results in a fuel cell, A separation 
means to be prepared in the circulation path of the aforementioned cooling water system, to refme the water which does not contain the 
aforementioned depression of freezing point agent from the aforementioned antifreezing solution through which it circulates, and to 
separate the this refined water from the aforementioned cooling water system, Let it be the summary to have a humidification water supply 
means to supply the separated this water to the aforementioned gas humidification means as water for gas humidification through the path 
which branched from the aforementioned circulation path. 

[0014] In a fuel cell system according to claim 2, it has a water supply means to supply the water of the amount equivalent to the amount of 
the water separated from the aforementioned cooling water system by the aforementioned separation means to the aforementioned cooling 
water system. 
[0015] 

[Function] In the fuel cell system according to claim 1 which has the above-mentioned composition, while circulating the antifreezing 
solution by the cooling water system and cooling a fuel cell by the cooling means, hydrogen content gas is humidified by the gas 
humidification means in the duct which results in a fuel cell. And the water for hydrogen content gas humidification is supplied to this 
humidification means as follows. 

[0016] The separation means prepared in the circulation path of a cooling water system refines the water which does not contain a 
depression of freezing point agent from the antifreezing solution through which it circulates, and separates this refined water from a cooling 
water system. Since this refined water does not contain a depression of freezing point agent, even if a fuel cell is supplied as water for 
humidification, it does not corrupt the catalyst of an electrolyte film or an electrode. That is, the water refined and separated by the 
separation means is convenient as water for hydrogen content gas humidification. And a fuel cell system according to claim I supplies the 
water which is convenient as water for this humidification from a cooling water system by the separation means, and supplies the water to a 
gas humidification means as water for gas humidification by the humidification water supply means. For this reason, supply work of the 
water for gas humidification is not required. Moreover, installation of the separation means to the circulation path of a cooling water 
system, only installation of the branding path from a circulation path to a gas humidification means, etc. are required, and complication of 
the composition of a humidification drainage system and a cooling water system is not caused. 

[0017] In addition, in the cooling water system, although the antifreezing solution is refined and separated in the part by the water which 
does not contain a depression of freezing point agent by the separation means, the depression of freezing point agent is still mixed by water. 
Therefore, circulation of the antifreezing solution in a cooHng water system is continued, and it is convenient to cooling of a fuel cell. 
[0018] In a fuel cell system according to claim 2, since the water of the amount equivalent to the amount of the water separated from the 
cooling water system by the separation means is supplied to a cooling water system by the water supply means, an unprepared change is 
not brought to the volume of the antifreezing solution or the concentration of a depression of freezing point agent in a cooling water 
system. 
[0019] 

[Example] Next, the suitable example of the fuel cell system concerning this invention is explained based on a drawing. Drawing 1 is the 
block diagram of the fuel cell system 10 of an example. 

[0020] It has the fuel cell system 10 of an example focusing on the solid-state macromolecule type fuel cell (it is only hereafter called a fuel 
cell for short) 12, and the hydrogen gas (hydeogen-rich gas, H2:75%, C02:25%) obtained by the air which is oxygen content gas carrying 
out steam reforming of the methanol from the hydrogen gas supply pipe way 16 is supplied to a fuel cell 12 from the oxygen gas supply 
pipe way 14, respectively. The humidifier 18 which makes water intermingled as a steam, and the methanol reformer 20 are formed into 
hydrogen gas at the duct of the hydrogen gas supply pipe way 16. In addition, although the check valve is prepared in the part proper to 
both the above-mentioned ducts, since it is not directly related to the summary of this invention, it is not illustrated. 
[0021] A fuel cell 12 js pinched and equipped with a solid-state polyelectrolyte film by the electrode of****, and electrode reaction of 
above ** and ** is advanced in the electrode of **** in response to supply with the air to a cathode, and the hydrogen gas to an anode. And 
a fuel cell 12 drives the motor in an external driver, for example, an electric vehicle, through the wiring which does not illustrate with the 
electromotive force pass the electrode reaction concerned. 

[0022] The methanol reformer 20 receives supply of a methanol from the methanol tank 26 with the feeding pump 28, and receives supply 
of water from a water tank 30 with the feeding pump 32. And the methanol reformer 20 advances the reforming reaction of a methanol and 
water at the temperature of 250-300 degrees C through a reforming catalyst, carries out steam reforming of the methanol, and generates 
hydrogen gas. This generated hydrogen gas is sent out to the humidifier 18 of the lower stream of a river. 

[0023] The humidifier 18 with which hydrogen gas is sent out from the methanol reformer 20 is a humidifier of the bubbling formula of the 

common knowledge which humidifies gas, while the content of an impurity stores few water as water for gas humidification and gas passes 

through the inside of the reservoir water concerned. And this humidifier 18 humidifies the hydrogen gas supplied to a fuel cell 12 in the 

duct of the hydrogen gas supply pipe way 16 which results in a fuel cell 12. 

[0024] I n addition to jhis, the fuel cell s ystem.lOusxquipped-with,the.coolinfi -water-fl o^w^ 

duct ], and cools a fuel cell 12 by circulatin g throu ghjhe^nti freezing. sol ution^on this cooiling2^w ater:flowjwa y^4^ ^ 

'^hrt ioii niixc d^epression of freezing point agents, such as ethylene glycoLand a glycerol, in water, and the antifreezing sol uti o njyhich^ 
rfnxea"efliylenrgly^nF^^^ 

"^[002"5]'rhV feeding pump 42 niade to circulate through the antifreezing solution of a duct by the pressure of about 100 to 700 kPa (about 
one to 7 kgf/cm2) is formed in the cooling- water-flow way 40. Moreover, the water decollator 44 which refines and separates water from 
the antifreezing solution of a duct, and the heat exchanger 46 which carries out the heat exchange (cooling) of the antifreezing-solution 
temperature of a duct to sufficient temperature for cooling of a fuel cell 12 are arranged in the lower stream of a river of the feeding pump 
42. 

[0026] The water decollator 44 is equipped with ultrafiltration-membrane 44a which has the pore of a 0.005-0.05-micrometer diameter, and 
makes *♦** 44a penetrate only the moisture child in the antifreezing solution using the difference with the diameter of a molecule of 
ethylene glycol and a moisture child's diameter of a molecule which are a depression of freezing point agent in the antifreezing solution, as 
shown in the conceptual diagram of drawing 2 . Therefore, if the antifreezing solution is introduced into the water decollator 44 by the 
pressure described above with the feeding pump 42, only the small moisture child of the diameter of a molecule will penetrate **** 44a. 
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For this reason, in the water decollator 44, the water which does not contain ethylene glycol from the anti freezing solution which circulates 
through the cooling -water- flow way 40 is refined, and this refined water is separated from the cooling-water-flow way 40. And since the 
purified -water introduction duct 48 is formed between the water decollator 44 and the humidifier 18, the water refined and separated by the 
water decollator 44 is supplied to a humidifier 18 as water for hydrogen gas humidification through the purified-water introduction duct 48 
which branched from the cooling-water-flow way 40, and is stored with this humidifier 18. 

[0027] Ultrafiltration-membrane 44a in the water decollator 44 is formed through film fabrication of a polysulfone, the poly acrylic nitril, 
cellulose acetate, aromatic nylon, etc. of various material, and ultrafiltratioh-membrane 44a made from a polysulfone, then its endurance 
are highly desirable. 

[0028] In order to raise the refining efficiency of water, the water decollator 44 consisted of this examples as follows. That is, the water 
decollator 44 contains and equips outer case 44b with hollow-fiber film-like ultrafiltration-membrane 44a as hundreds of bunches, as 
shown in drawing 3 , and the purified-water introduction duct 48 which results in a humidifier 18 is connected to outer case 44b. And this 
water decollator 44 carries out the seal of the ends in sealant 44c, and is included in the cooling- water-flow way 40. Therefore, the water 
decollator 44 passes the antifreezing solution for the inside of each hollow-fiber film of ultrafiltration-membrane 4^4a, makes the exterior 
penetrate water from the interior of a hollow-fiber film, performs refining and separation of the above-mentioned water, and supplies the 
water for hydrogen gas humidification to a humidifier 18. In addition, the modularization of the water decollator 44 is carried out 
considering outer case 44b [ finishing / receipt of hollow-fiber film-like ultrafiltration-membrane 44a ] as a unit, and it is included in the 
cooling- water- flow way 40 by making sealant 44c intervene and inserting in between the support blocks 45 which were formed in the **** 
concerned and which counter. 

[0029] Moreover, from the water tank 30, it is prepared so that the water supply pipe 50 may join the cooling- water-flow way 40 on water 
decollator 44 lower stream of a river, and water is supplied to the cooling-water-flow way 40 from a water tank 30 through adjustment of 
the duct opening by the bulb 52 of a duct. In this case, a bulb 52 adjusts duct opening so that the water of the amount equivalent to the 
amount of the water refined and separated from the antifreezing solution of the cooling -water-flow way 40 by the above-mentioned water 
decollator 44 can supply the cooling -water- flow way 40. That is, according to the flow rate of the water which passes the purified-water 
introduction duct 48, drive control of the bulb 52 is carried out by the control unit which is not illustrated. In addition, of course, the check 
valve is prepared also in this water supply pipe 50. 

[0030] Next, the performance evaluation of the fuel cell system 10 is explained. The system used as the candidate for comparison is a 
system which does not equip the cooling- water-flow way 40 with the water decollator 44, and they are two systems, the conventional fuel 
cell system (conventional example system) which supplies direct pure water to a humidifier 18, and humidifies hydrogen gas, and the fuel 
cell system (example system of comparison) to which it was presupposed that the antifreezing solution is supplied to a humidifier 18 and 
hydrogen gas is humidified with the antifreezing solution. And current density is the cell property (I-V property) of a fuel cell [ in / each 
system / systems / fuel cell / these / each ] / 0 - 1.5 mA/cm2 It measured / the range /. The result is shown in drawing 4 . 
[0031] In the fuel cell system 10 of this example, the almost same property was able to be acquired [ the range of the conventional example 
system and its current density (0 - 1 .5 mA/cm2) ] so that clearly from drawing 4 . For this reason, even if it humidifies hydrogen gas with 
the water refined and separated from the antifreezing solution by the water decollator 44 like the fuel cell system 10 of this example, it can 
be said that humidification of hydrogen gas can acquire a cell property equivalent to the case of humidification by pure water, moreover, in 
the example system of comparison humidified with the antifreezing solution, only the cell property which is markedly alike and is inferior 
is acquired Therefore, it can be said from these things that the water refined and separated from the antifreezing solution by the water 
decollator 44 is convenient in any way as water for hydrogen gas humidification. 

[0032] And the fuel cell system 10 of this example supplies the water which is convenient as water for hydrogen gas humidification from 
the antifreezing solution of the cooling- water-flow way 40 by the water decollator 44, and supplies the water to a humidifier 18 as water for 
gas humidification. For this reason, since a humidifier 18 does not take the work which supplies the water for gas humidification according 
to the fuel cell system 10 of this example, maintenance-free- ization of the humidification drainage system of hydrogen gas can be attained. 
And this maintenance-free-izafion is realizable with easy composition, such as installation of the water decollator 44 to the cooling-water- 
flow way 40, and installation of the purified-water introduction duct 48. Moreover, since what is necessary is just to branch the 
humidification drainage system for hydrogen gas humidification from the cooling -water-flow way 40 which is the cooling water system of 
a fuel cell 12, the duct composition is simplified. Therefore, while being able to improve the loading nature of the fuel cell system 10 to 
vehicles etc. through simplification of composition, or the formation of a ** space of an installation space, installation cost (loading cost) 
can be reduced. 

[0033] Moreover, only in the amount of the water refined and separated from the antifreezing solution, in the fuel cell system 10, the 
volume of the antifreezing solution decreases on the cooling- water-flow way 40 by refining and separation of the water from the 
antifreezing solution by the water decollator 44. However, in the fuel cell system 10 of this example, the water of a volume decrement is 
supplied to the cooling -water-flow way 40 from a water tank 30 through adjustment of the duct opening by the bulb 52. Therefore, 
according to the fuel cell system 10 of this example, since the volume of the antifreezing solution or the concentration of ethylene glycol in 
the cooling- water- flow way 40 are not fluctuated carelessly, the cooling efficiency of the fuel cell 12 by circulation of the antifreezing 
solution can be maintained, without making a change of the amount of circulating flows etc. 

[0034] Although one example of this invention was explained above, as for this invention, it is needless to say that it can carry out in the 
mode which becomes various in the range which is not limited to such an example at all and does not deviate from the summary of this 
invention. 

[0035] For example, in the fuel cell system 10 of this example, the difference with the diameter of a molecule of the ethylene glycol in the 
antifreezing solution and a moisture child's diameter of a molecule was used in refining and separating water from the antifreezing solution 
using the water decollator 44 which has **** 44a which makes only the moisture child in the antifreezing solution penetrate. However, of 
course, not the thing restricted to this but the composition which uses a difference of the boiling point of water and ethylene glycol, and 
refines and separates water from the antifreezing solution, the composition which uses the difference of the diameter of a molecule using 
filtration films, such as a membrane filter, and refines and separates water from the antifreezing solution can also be taken. 
[0036] Moreover, although the humidifier 18 was used as the humidifier of a bubbling formula, it can also consider as the humidifier which 
humidifies gas through the gaseous diffusion film which penetrates a steam. 

[0037] Furthermore, although considered as the composition using the methanol reformer 20 as a hydrogen gas source of supply to a fuel 
cell 12, it can also constitute so that hydrogen gas may be supplied to a fuel cell 12 from hydrogen storage devices (for example, a 
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hydrogen chemical cylinder, a hydrogen storage material, etc.). Moreover, of course as a fuel cell in a system, you may be not only a solid- 
state macromolecule type fuel ceil but a phosphoric acid type fuel cell etc. 
[0038] 

[Effect of the Invention] As explained in full detail above, in a fuel cell system according to claim 1, the water which is convenient as water 
for hydrogen content gas humidification is supplied through refining and separation from the anti freezing solution through which a cooling 
water system circulates, and the water is supplied as water for gas humidification. And what is necessary is just to branch the 
humidification drainage system for hydrogen content gas humidification from the cooling water system of a fuel cell by installation of the 
separation means to the circulation path of a cooling water system, installation of the branching path from a circulation path to a gas 
humidification means, etc. For this reason, since supply work of the water for gas humidification is not required, while being able to attain 
maintenance- free-ization in a humidification drainage system according to the fuel cell system according to claim 1, simplification of the 
duct composition of a humidification drainage system and a cooling water system can also be attained. 

[0039] In a fuel cell system according to claim 2, an unprepared change is not brought to the volume of the antifreezing solution or the 
concentration of a depression of freezing point agent in a cooling water system through supply to the cooling water system of the water of 
the amount equivalent to the amount of the water separated from the cooling water system. Therefore, according to the fuel cell system 
according to claim 2, the cooling efficiency of the fuel cell by circulation of the antifreezing solution can be maintained, without making a 
change of the amount of circulating flows of the antifreezing solution etc. 



[Translation done.] 
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